Introduction: The clinical benefits of recombinant human thyroid-stimulating hormone (rhTSH; Thyrogen) are well established as an alternative stimulation procedure to thyroid hormone withdrawal in the diagnostic follow-up of thyroid cancer patients. By avoiding periods of hypothyroidism, patients do not suffer from a decreased quality of life and keep their ability to work. This study compared the frequency, the duration and the cost of sick leave for follow-up control between rhTSH and withdrawal. Methods: The study population consisted of patients with thyroid carcinoma first treated by thyroidectomy and radioiodine ablation. Patients were recruited at their control visit between October 2004 and May 2006 in three hospitals, both prospectively and retrospectively. Collection data consisted of patient information, job characteristics and duration of sick leave during the month before and the month after control. The valuation of sick leave used the friction cost method. Results: Among the 306 patients included, 292 (95%) completed the entire questionnaire. The mean age was 46.7 years. Among the 194 active patients, patients treated with rhTSH, when compared with patients treated by withdrawal, were less likely to require sick leave (11 vs 33%; PZ0.001). The mean duration of sick leave was shorter (3.1 vs 11.2 days; PZ0.002) and indirect costs due to absenteeism accounted for V454G1673 vs V1537G2899 for withdrawal stimulation. Conclusion: For active patients, rhTSH treatment reduced the length and the cost of sick leave by 8.1 days and V1083 per control respectively, when compared with withdrawal treatment.
Introduction
In Europe, 26 000 new cases of thyroid cancer are diagnosed each year (1) . Differentiated thyroid carcinoma represents more than 80% of all thyroid cancers and frequently affects working-age subjects. Its favourable long-term prognosis with a 10-year survival of 90-95% (2) is the result of an effective primary therapy, which consists of a total thyroidectomy followed by radioiodine ablation where there is a significant risk of persistent disease (3, 4) . Patients are then treated with L-thyroxine (LT4). Follow-up control is designed to detect persistent or recurrent disease with neck ultrasonography and measurement of serum thyroglobulin (Tg), and, when required, with whole body scan (WBS) (3) (4) (5) . Serum Tg determination is more sensitive for the detection of recurrent disease when performed following TSH stimulation than on thyroid hormone treatment (6) .
TSH stimulation was historically achieved by thyroid hormone withdrawal (THW) for 3-5 weeks when patients suffered from symptoms of hypothyroidism. Recombinant human TSH (rhTSH, Thyrogen, Genzyme Therapeutics, Cambridge, MA, USA) was approved in Europe in 2000 as an alternative stimulation procedure to THW. It allows patients to remain euthyroid on thyroid hormone therapy, and Tg determination has a sensitivity for disease detection similar to that obtained following THW (6) (7) (8) .
The greatest impairment in the quality of life (QoL) of thyroid cancer patients occurred during THW which induces a hypothyroid state (9) (10) (11) (12) (13) . Even though the design and the scales of QoL of these studies were quite different, it appears that patients were mainly suffering from decreased psychological and physical well-being, low vitality and lowered ability to perform normal daily activities. Moreover, symptoms related to cancer and/or hypothyroidism can cause a temporary inability to work. Sick leave is an indirect measure of morbidity in the working population. Schroeder et al. showed that 74% of patients had difficulties in performing work after withdrawal, when compared with 18% of those on LT4 and 21% of those undergoing rhTSH stimulation (13) . The quantitative effects of hypothyroidism on patient's productivity have been described only in two studies that reported a median of 11 days of absence from work during the period of hypothyroidism induced by withdrawal (12, 14) . However, these studies were not modelled to directly compare the duration of sick leave and its economic impact according to the method of TSH stimulation, and they did not directly estimate sick leave for patients receiving rhTSH.
Costs due to loss of productivity, also referred to as indirect costs, are an important part of the total costs of cancer. In 2000, the National Institute of Health, reporting disease-specific estimated costs of illness, showed that the cost of cancer was estimated to be $96 billion, of which $69 billion were related to indirect costs. The incidence of thyroid carcinoma is increasing (15) and it affects working-age patients. Since the follow-up should be long term and this cancer is associated with a low mortality, the number of patients in follow-up is large (estimated to be 400 000 in Europe). This cancer may have an important and increasing economic impact on health, as the inability to work may result in an important economic loss. Indirect costs are also an important component of costeffectiveness studies published in the domain of thyroid cancer treatment, as demonstrated by Mernagh et al. (16) , who used published data to estimate loss of productivity costs in their assessment of the incremental cost-per-QALY of rhTSH in the course of the treatment of thyroid cancer.
Unfortunately, there are no published data from a direct comparison of the impact on work loss between patients stimulated by withdrawal versus rhTSH. The aim of this study is to perform such a direct comparison and evaluate the impact of hormone withdrawal versus rhTSH on sick-leave frequency, duration and economic impact by a direct assessment of sick leave periods for follow-up controls in France.
Materials and methods

Patients
This study included patients with papillary or follicular thyroid carcinoma, without known distant metastasis, who had initially been treated by total thyroidectomy and radioiodine ablation following withdrawal. Patients were recruited both retrospectively and prospectively between October 2004 and May 2006 in three French hospitals: Institut Gustave Roussy (IGR, Villejuif, France), Centre René Huguenin (CRH, Saint-Cloud) and Centre Hospitalier Regional and Universitaire de Lille (CHRU Lille, France). A retrospective collection was required to ensure the inclusion of a sufficiently large number of patients in the withdrawal group, since at the time of the study there was a very limited number of specialised nuclear medicine centres which still practised withdrawal.
Patients included in the study underwent a control either 6-12 months after initial treatment or later during follow-up. This control was performed after TSH stimulation obtained either by a withdrawal of thyroid hormone treatment or during thyroid hormone treatment by i.m. injections of recombinant human TSH (Thyrogen, Genzyme Therapeutics, 0.9 mg i.m. for two consecutive days). Patients were not randomised, because randomisation was not considered acceptable by the local Ethics Committee since the benefits of rhTSH in terms of QoL are already well established (7, 8, 13) . The study was then performed in three different centres, of which one used exclusively rhTSH, one predominantly rhTSH and one predominantly THW. Depending on local practice, followup included a physical examination, a serum sampling for Tg and TSH determinations and a neck ultrasonography or a diagnostic 131 I WBS.
Questionnaire
The questionnaire was divided into three parts. The first part included a patient consent form, socio-demographic data, information about the thyroid cancer treatment (date of thyroidectomy and the number of radioiodine treatments), the method of stimulation and examinations performed during this control. It also included employment status, nature of job and the type of insurance coverage (French National Insurance coverage or other). The employment status of patients was classified into five pre-defined categories: remunerated activity, job seeker, pensioner, without professional activity (e.g. housewife) and other conditions (student or other). Active patients refer to those who had a remunerated activity or were job seekers. The second and the third parts of the questionnaire were administered only to active patients; the patients had to report the number of days out of work occurring during the month before and the month after the control, respectively (Fig. 1) .
The administration of the questionnaire was different according to the recruitment of patients. . The maximum recall period was then 6 months in order to limit memory bias. Medical and sociodemographic data were extracted from the medical record. A document was sent to these patients by postal service including a presentation of the study, a consent form and a questionnaire. Patients had to complete all three parts of the questionnaire. For both cases, a phone call was made by the coordinator of the study (IB) if the questionnaire was not returned in due time.
Valuation of sick leave
Budgetary and economic approaches were used to assess the costs of sick leave.
The budgetary approach relates to the budget impact for the National Sickness Fund of monetary compensation given to patients to partially offset their loss of income. In France, compensations are paid by this Fund from day 4 onwards. A reduction in sick leave compensation is a budget saving for the payer, which may offset an extra cost of treatment. The value of 1 day of sick leave compensation was calculated by dividing the total amount of compensation paid in year 2003 by the total number of sick leave days (data provided by the National Health Accounts) and was estimated to be V27.
The economic consequences evaluated the impact of a disease and its treatment on the productivity of active patients and on the production of wealth at a national level, thus using a societal perspective. We used the friction cost approach: the assumption is that disease causes losses in production, but this loss is restricted to an adjustment period needed to adapt to the absenteeism, the so-called friction period (FC) (17) (18) (19) (20) . Since the impact on productivity and production is limited to this adjusted 'FC', absenteeism does not translate in a oneto-one decrease in production. The FC approach uses an elasticity of production per working day of 0.8: 1 day out of work translates into a reduction of 0.8 days of lost production of wealth (17) . The value of lost production to consider is not the Gross National Product (GNP), but the National Value Added, which subtracts the value of intermediary goods that are used in the production process from the GNP, multiplied by the number of lost working days in patients with remunerated activity only (not job seekers).
Statistical methods
Quantitative data are expressed as means and S.D. and qualitative data are expressed as percentages. Significant differences between both groups were tested with a c 2 -test. The duration and the cost of sick leave were expressed as means instead of medians because more than 50% of active patients did not have any sick leave (median would be equal to 0 in the two groups) and referred to active patients only. Since the duration and costs of sick leave violate normality assumptions, significant differences in sick leave duration and cost were assessed with a Kruskal-Wallis non-parametric test.
A logistic regression analysis using the individual characteristics of active patients was performed to identify factors associated with the probability to have sick leave and to control for selection bias due to the use of a nonrandomised comparison. It aimed to determine whether eight parameters (sex, age, type of recruitment of patient, type of insurance coverage, number of radioiodine treatments, interval between thyroidectomy and control, 131 I administration for WBS and method of stimulation) influenced the probability of having sick leave during the period. Results are expressed in odds ratios (OR).
All the statistical analyses were performed with SAS software version 9.1.
Results
Three hundred and six patients were included in the study. Of these, 232 (76%) patients were included prospectively. Among the 306 patients, 5 patients did not return their questionnaire, 8 patients returned an www.eje-online.org incomplete questionnaire (without the third part) and 1 patient refused to participate. The analysis was based on the 292 patients with a completed questionnaire, leading to a global response rate of 95%. In total, stimulation was achieved in 173 patients by rhTSH injections and in 119 patients by withdrawal. Baseline demographic characteristics are reported in Table 1 . Two hundred and sixteen patients (74%) were female. The mean age was 46.7G13.2 years. With respect to age and sex ratio, there was no significant difference between the two groups of stimulation, between the 292 patients who completed the questionnaire and the 14 patients whose questionnaire was incomplete or absent, and between the 228 patients included prospectively and the 64 patients included retrospectively.
Patients had received a mean of 1.1 radioiodine treatments (one treatment in 262 patients, two in 23 patients, three in 6 patients and five in 1 patient). Patients underwent surgery 2.6 years before control and received the last radioiodine treatment 2.1 years before control. The mean intervals of time between initial surgery and control and between the last radioiodine treatment and control were significantly longer in patients stimulated by rhTSH than in those stimulated by withdrawal.
Investigations performed were different among the three centres (Table 2) . Patients who had their control at IGR or CRH were mainly treated by rhTSH, whereas patients from Lille were mainly stimulated by THW.
All patients underwent serum Tg determination and almost all also a TSH determination. Diagnostic WBS was performed in all patients who had undergone withdrawal and in 42% of patients who had undergone rhTSH stimulation. Neck ultrasonography was routinely performed only in the two centres which preferentially used rhTSH stimulation.
The professional status of the patients is presented in Table 3 . The cohort comprised 194 (66%) active patients, composed of 176 patients with a remunerated activity and 18 job seekers. The other 98 patients were retired (50), had no professional activity (36), were students (7), were handicapped or disabled (3), or were living in foreign countries and did not have sick leave compensation from the French National Health System (2). There was no significant difference in the working status between the two groups of stimulation (c 2 Z3.41; PZ0.49). Two hundred and fifty nine (89%) patients were affiliated to the French National Insurance coverage for Salaried Workers. The other 33 patients were affiliated to the Farmers Fund (6), the SelfEmployed Fund (7), different state employee insurance (9), the students' fund (3) and others funds (8) . There was no significant difference in the insurance coverage between the two groups of stimulation (PZ0.18). There was no statistical difference in terms of age, sex, employment status, rate of activity or type of insurance coverage between the three centres.
The results of frequency and the duration of sick leave are described only for the 194 active patients (Table 4) . Before control, the number of active patients who did not require sick leave was higher in the rhTSH group when compared with the withdrawal group (92 and 75% respectively, PZ0.001). Mean sick leave duration was shorter in active patients treated by rhTSH than in those treated by withdrawal (1.4 vs 5.0 days respectively, PZ0.0015; Table 4 ). After the control, the number of patients who did not require sick leave was higher after preparation by rhTSH than in patients treated by withdrawal (90 and 68% respectively, PZ0.0001). Mean sick leave duration after control was shorter in active patients stimulated by rhTSH than in patients treated by withdrawal (1.7 vs 6.2 respectively, PZ0.0001; Table 4 ).
From 30 days before to 30 days after control, the number of patients who did not need sick leave during the entire period was higher in patients treated by rhTSH than in those stimulated by withdrawal (89 and 67% respectively, PZ0.0001). Mean sick leave duration was shorter in active patients treated by rhTSH than in those treated by withdrawal (3.1 vs 11.2 days respectively, PZ0.001; Table 4 ). The rhTSH stimulation allowed a reduction of 8.1 days of sick leave length per active patient. There was no significant difference in terms of duration of sick leave between the patients included prospectively and the patients included retrospectively.
The logistic regression analysis concerning the effect of eight individual characteristics on the probability to have sick leave showed that women were 4.3 times more at risk than men (Table 5 ), but this probability did not depend on age at the time of the study, number of years since thyroidectomy and number of radioiodine treatments. The probability to have sick leave was lower in patients who did not belong to the French National Insurance coverage, but it was higher in patients recruited prospectively (ORZ2.1, CIZ0.78-5.74) and was 1.6 times higher (CIZ0.46-5.38) in patients who underwent a WBS, but these differences were not statistically significant. In active patients treated by rhTSH, the mean duration of sick leave with WBS was not significantly different from that of patients who did not undergo a WBS (3.5 vs 2.8 days respectively, PZ0.74). Indeed, the risk to have sick leave was 3.6 times higher in patients treated by THW and this was statistically different from the risk to have sick leave in patients treated by rhTSH.
In patients stimulated by withdrawal only, the probability to have sick leave in patients included prospectively was 2.6 times higher than in patients included retrospectively, but this coefficient was not significant at the 0.05 level. Moreover, mean global sick leave duration was longer in active patients recruited prospectively than in active patients recruited retrospectively (13.2 vs 9.2 days respectively), but there was no significant difference.
Valuation of sick leave
The mean cost in terms of loss of productivity in 2005 amounted to V193 per working day in patients with a remunerated activity (by considering 5 working days per week). The valuation of indirect costs of absenteeism by the method of friction cost was V1537G2899 for active patients treated by withdrawal vs V454G1673 for active patients treated by rhTSH (PZ0.0003). The mean difference of absenteeism cost according to the method of stimulation is estimated to be V1083 per follow-up control in active patients (Table 4) . The average sick leave compensation per day was equal to V27. From the perspective of the payer, the mean financial impact of sick leave was higher in active patients treated by withdrawal than in those treated by rhTSH, with V275 vs 74 respectively (P!0.0001; Table 4 ). The money saved with stimulation by rhTSH is then estimated to be V201 per follow-up control in active patients.
Discussion
This survey was designed to compare the frequency, the duration and the economic impact of sick leave periods according to the two methods of stimulation, withdrawal of thyroid hormone treatment or recombinant human TSH, for the diagnosis of recurrent or persistent disease. In France, there are no national statistics about the number of lost working days for a given disease. Thus, an alternative method is to design an ad hoc survey and to collect data from patients in selected centres. To our knowledge, this is the largest cohort study of thyroid cancer patients in which the impact on sick leave periods according to the method of stimulation has been investigated through a direct comparison. The study was multicentric and the high response rate to the questionnaire (95% of completed questionnaires) facilitated the generalisation of our results to thyroid cancer patients. Our findings are of the same order of magnitude with the results of previous studies that estimated the duration of sick leave caused by hypothyroid symptoms. In our study, the mean duration of sick leave for a short-term period of hypothyroidism is 11.2 days in active patients, which is similar to the Dutch results (14) . In Germany, Luster et al. observed a median sick leave duration of 11 days in case of withdrawal (12) , but their study had some limitations: response rate was lower (61%), leading to a potential selection bias of patients, and the duration of sick leave in patients treated by rhTSH was estimated through an expert panel. Since sick leave compensation systems may be different from one country to another, this may be coincidental, but confirms that the sick leave dimension is not to be neglected in the economic balance.
One limit of the present study was the absence of randomisation between the two protocols of stimulation. Randomisation was not considered acceptable by the local Ethics Committee because the benefits of rhTSH in terms of QoL are already well established (7, 8, 13) . Patients included in the study underwent a control either 6-12 months after initial treatment or later during follow-up and the characteristics of the patients depended on the patient recruitment of each centre, leading to a possible selection bias, for example on the general health status of patients. But both groups of stimulation were similar in terms of age, sex and working status. The results showed that the initial treatment of patients stimulated by rhTSH had occurred at greater distance in time from follow-up than for patients stimulated by withdrawal. It could be argued that distance from initial treatment is correlated with a better health status of patients, thus requiring fewer sick leaves. Conversely, patients in the rhTSH group had received more radioiodine treatments than patients stimulated by withdrawal and the results of logistic regression showed that the risk of having sick leave in active patients was not influenced by either parameter. Finally, we also controlled for a potential bias because of the retrospective inclusion of patients, particularly in the withdrawal group. We limited the bias using a short period of recall. Nevertheless, considering the impact of withdrawal on the QoL, it could be expected that patients who stopped working may have overestimated the duration of sick leave, whereas patients who had very short sick leaves may have omitted to report them. When comparing both retrospective and prospective data in the withdrawal group, analysis did not confirm these assumptions, suggesting a limited bias.
Another difference was that radioiodine WBS was performed in all patients in the withdrawal group, but in only 42% of patients in the rhTSH group. The risk of having sick leave in patients who underwent a WBS was higher than the risk associated with patients who did not have WBS, but it did not reach statistical difference. The variable 'centre' was not entered as an independent variable in the logistic regression analysis because it was strongly correlated to the variables 'WBS' and 'stimulation method', and we preferred to test the effect of these variables rather than the effect of centre. According to the logistic regression analysis, sex and method of stimulation were the only parameters that significantly increased the risk of having sick leave. Days lost from work are a common proxy for morbidity, particularly in thyroid cancer patients who are working-age patients and free of disease at follow-up control. Hypothyroidism can have a major impact on work schedules among thyroid cancer survivors (9, 13). Our study demonstrates and quantifies the benefits of using rhTSH: patients required shorter periods of sick leave than those stimulated by withdrawal. The reduction of the duration of sick leave with rhTSH stimulation allows patients to return to work more rapidly than after withdrawal.
All the patients included in this study, whatever the stimulation method used for the control, had previously experienced THW, especially for thyroid remnants ablation. The positive subjective feeling in patients receiving rhTSH and, in the opposite, the negative feeling in patients resubmitted to THW may increase the difference in sick leave duration between the two methods of stimulation. However, the logistic regression analysis showed that the numbers of radioiodine treatments (and the number of episodes of THW) did not have any effect on the probability of having sick leave.
An interesting finding of our study is that the impact of hypothyroidism on sick leave is actually greater after than before diagnostic control, even though LT4 therapy has been resumed. This underlines that the debilitating effects of hypothyroidism persist for a longer time period than the weeks of pre-testing withdrawal from LT4.
The valuation of sick leave considered both the budgetary and the economic consequences of lost working days. In active patients, stimulation by rhTSH allows money saving of V201 (budgetary impact, from the National Health System perspective), whereas the reduction of indirect costs in terms of productivity loss is estimated to be V1083 per follow-up control (economic impact, from the society perspective). The difference in magnitude of costs between the two approaches can be easily explained. The National Health System compensates only and partially the loss of wages for patients. In France, the acquisition cost of rhTSH is V762 per control. Thus, from the point of view of the payer, the reduction in the level of sick leave allows to offset a fraction of the drug cost (201/762Z26%), notwithstanding the other benefits of rhTSH. In France, the same Fund pays for both health care and sick leave, and it should be able to monitor effective reductions in compensations paid due to rhTSH. This may be more difficult in other countries where sick leave and health care are paid by different funds, and thus induce a restricted use of rhTSH due to budgetary constraints. From the perspective of society, the economic valuation of the number of lost working days is based on the loss of productivity of active patients and on the production of wealth at a national level and is much greater than the budget impact to the payer.
Conclusion
When compared with withdrawal stimulation, rhTSH stimulation demonstrated similar diagnostic accuracy in the detection of recurrence or residual disease in patients with thyroid cancer. By avoiding hypothyroidism, patients do not suffer from a decreased QoL and maintain their ability to work, which reduces cost for the payer and for society.
